Study objectives-In the UK, studies of socioeconomic diVerentials in mortality have generally relied upon occupational social class as the index of socioeconomic position, while in the US, measures based upon education have been widely used. These two measures have diVerent characteristics; for example, social class can change throughout adult life, while education is unlikely to alter after early adulthood. Therefore diVerent interpretations can be given to the mortality diVerentials that are seen. The objective of this analysis is to demonstrate the profile of mortality diVerentials, and the factors underlying these diVerentials, which are associated with the two socioeconomic measures. Design-Prospective observational study. Setting-27 work places in the west of Scotland. Participants-5749 men aged 35-64 who completed questionnaires and were examined between 1970 and 1973. Findings-At baseline, similar gradients between socioeconomic position and blood pressure, height, lung function, and smoking behaviour were seen, regardless of whether the education or social class measure was used. Manual social class and early termination of full time education were associated with higher blood pressure, shorter height, poorer lung function, and a higher prevalence of smoking. Within education strata, the graded association between smoking and social class remains strong, whereas within social class groups the relation between education and smoking is attenuated. Over 21 years of follow up, 1639 of the men died. Mortality from all causes and from three broad cause of death groups (cardiovascular disease, malignant disease, and other causes) showed similar associations with social class and education. For all cause of death groups, men in manual social classes and men who terminated full time education at an early age had higher death rates. Cardiovascular disease was the cause of death group most strongly associated with education, while the non-cardiovascular non-cancer category was the cause of death group most strongly associated with adulthood social class. The graded association between social class and all cause mortality remains strong and significant within education strata, whereas within social class strata the relation between education and mortality is less clear. Conclusions-As a single indicator of socioeconomic position occupational social class in adulthood is a better discriminator of socioeconomic diVerentials in mortality and smoking behaviour than is education. This argues against interpretations that see cultural-rather than material-resources as being the key determinants of socioeconomic diVerentials in health. The stronger association of education with death from cardiovascular causes than with other causes of death may reflect the function of education as an index of socioeconomic circumstances in early life, which appear to have a particular influence on the risk of cardiovascular disease. (J Epidemiol Community Health 1998;52:153-160) One of the most reproducible demographic findings, over time and within diVerent countries, is the inverse association between socioeconomic position and mortality.
Participants-5749 men aged 35-64 who completed questionnaires and were examined between 1970 and 1973.
Findings-At baseline, similar gradients between socioeconomic position and blood pressure, height, lung function, and smoking behaviour were seen, regardless of whether the education or social class measure was used. Manual social class and early termination of full time education were associated with higher blood pressure, shorter height, poorer lung function, and a higher prevalence of smoking. Within education strata, the graded association between smoking and social class remains strong, whereas within social class groups the relation between education and smoking is attenuated. Over 21 years of follow up, 1639 of the men died. Mortality from all causes and from three broad cause of death groups (cardiovascular disease, malignant disease, and other causes) showed similar associations with social class and education. For all cause of death groups, men in manual social classes and men who terminated full time education at an early age had higher death rates. Cardiovascular disease was the cause of death group most strongly associated with education, while the non-cardiovascular non-cancer category was the cause of death group most strongly associated with adulthood social class. The graded association between social class and all cause mortality remains strong and significant within education strata, whereas within social class strata the relation between education and mortality is less clear. Conclusions-As a single indicator of socioeconomic position occupational social class in adulthood is a better discriminator of socioeconomic diVerentials in mortality and smoking behaviour than is education. This argues against interpretations that see cultural-rather than material-resources as being the key determinants of socioeconomic diVerentials in health. The stronger association of education with death from cardiovascular causes than with other causes of death may reflect the function of education as an index of socioeconomic circumstances in early life, which appear to have a particular influence on the risk of cardiovascular disease.
(J Epidemiol Community Health 1998;52: [153] [154] [155] [156] [157] [158] [159] [160] One of the most reproducible demographic findings, over time and within diVerent countries, is the inverse association between socioeconomic position and mortality.
1-5 Several different indicators of socioeconomic position have been used in such studies, [6] [7] [8] [9] [10] [11] including occupational social class, amount and type of education, employment grade, income, access to or ownership of various assets, and indices based on residential area characteristics. The choice of socioeconomic indicator often reflects which data are available, rather than any explicit theorisation of the possible eVects of diVerent dimensions of socioeconomic disadvantage. In the US measures based upon education have been widely used, because such information is the main socioeconomic indicator contained in various national data sets. 12 In Britain occupational social class is the more usual measure and social class has been analysed with respect to mortality around each census since 1911. [13] [14] [15] The various indicators of socioeconomic position are generally related in a similar manner to mortality, but only on a few occasions have diVerent indicators within the same database been analysed with respect to mortality. 7-9 11 16-18 DiVerent socioeconomic indicators show strong mutual associations [19] [20] [21] [22] and sometimes appear to be treated as though they are interchangeable proxy measures of an underlying entity, "socioeconomic status". The associations between health and the diVerent socioeconomic indicators may have diVerent implications and causes, however. For example the health eVects of occupational hazards in unskilled manual jobs depend directly on work conditions, and reducing socioeconomic diVerentials consequent on such exposures requires changes to work environments. Conversely, health diVerences according to level of education have been attributed to the direct eVects of education, including the acquisition of knowledge regarding health damaging behaviours, the ability to optimise use of health services, the development of time preferences favourable to health maintenance, an increasing willingness to invest in human capital, and the promotion of the psychological attributes of high self esteem and self eYcacy. 21 23 24 If the influence of both occupational social class and education act through associated diVerentials in income and living conditions, similar interdependent associations with mortality risk would be expected.
This study asks how diVerent dimensions of socioeconomic position relate to health by analysing the association of education and occupational social class with health related behaviours, physiological risk factors, health status, and mortality risk within a large cohort of working men followed up for 21 years after a screening examination and questionnaire survey carried out in the early 1970s. To our knowledge only one analysis relating mortality risk simultaneously to both occupational social class and education has not been performed with UK data before this study. 
Methods
This analysis is based upon a cohort of men recruited from 27 workplaces in Glasgow, Grangemouth, and Clydebank (all in the west of Scotland) between 1970 and 1973. The workplaces included engineering, manufacturing, and petrochemical plants; a publishing house; civil service departments; administrative and professional divisions from British Rail; architectural institutes; legal and dental offices; and banking. Response rates were available for the workplaces from which 87% of the sample was recruited. For these sites 70% of those invited completed the questionnaire and attended for examination. The achieved sample was 6022 men and 1006 women, from which 5766 men aged 35-64 at the time of examination have been included in this report. The mortality experience of the women could not be analysed as only 176 deaths have occurred to date.
The examinations used similar procedures to those used, and previously described with respect to, the MIDSPAN studies. [25] [26] [27] [28] An extensive questionnaire, completed by the subject, was checked at the screening examination. These examinations were conducted at clinics established for this purpose at, or near, the workplaces.
The information collected at baseline examination included sociodemographic data: age, age at which the participant finished full time education, occupational social class, whether a regular car driver; health status measures: angina, previous heart attack and intermittent claudication, from the Rose questionnaire, 29 respiratory symptoms from the MRC questionnaire 30 ; health related behaviours: detailed smoking history, physical examination: height, weight, blood pressure (seated, taken with a London School of Hygiene and Tropical Medicine sphygmomanometer and with diastolic pressure being recorded at the disappearance of the fifth KorotkoV sound), lung function (with the Garthur Vitalograph), serum cholesterol and 6 lead electrocardiogram (leads I,II,III,aVR,aVL, and aVF).
Social class was coded according to the Registrar General's classification 31 and treated at six levels for analysis by social class alone and at four levels-I and II; III non-manual; III manual; IV and V-for analyses in which both social class and education were included. Age at leaving full time education was categorised as 12-14; 15-16; 17-18, and 19+ .
Persistent phlegm was defined as usually bringing up phlegm from the chest first thing in the morning on most days for as much as three months in winter each year. "Infective phlegm" was defined as usually bringing up phlegm from the chest first thing in the morning in winter and having had a period of increased cough and phlegm lasting for three weeks or more in the past three years. Breathlessness was defined by responding positively to the question: "Do you get short of breath walking with people of your own age on level ground?". Bronchitis was defined as having persistent and "infective" phlegm and being breathless. 30 Angina was considered present if chest pain or discomfort when walking uphill or hurrying was: to be sited in the sternum or the left chest and arm; caused the subject to stop or slow down; went away when the subject stopped or slowed down; and went away in 10 minutes or less. 29 For forced expiratory volume in one second (FEV 1 ), the best of two expirations was recorded. To estimate impairment, the expected FEV 1 was obtained from linear regression equations of age and height:
Expected FEV 1 = −278.06 + 4.33 × height −3.06 × age. Age is in years, height in cm, and the value is divided by 100 to give FEV 1 in litres. The coeYcients were derived from a healthy subset of the population who never smoked and answered no to questions on phlegm, breathlessness, wheezy or whistling chest and if weather aVected breathing. The adjusted FEV1 was calculated by:
Adjusted FEV 1 (%)= (Actual FEV 1 / Expected FEV 1 ) × 100
The ECG was coded according to the Minnesota system, 29 with any of the following codes, which encompass diagnoses of definite myocardial infarction, myocardial ischaemia, and left bundle branch block, being considered evidence of ischaemia: 1.1-1.3, 4.1-4.4, 5.1-5.3, 7.1.
Data on social class and education were missing on nine and eight men respectively. These men were excluded from the present analyses, which are therefore based on 5749 participants.
Mortality over a 21 year follow up period has been ascertained from flagging at the National Health Service Central Registry in Edinburgh, which also provides death certificates coded according to the ninth revision of the International Classification of Diseases (ICD).
Death rates have been calculated using a person years at risk based lifetable approach. These rates have been standardised for age by the direct method, using the total study population as the standard. Tests for trend for age adjusted rates have been obtained through proportional hazards regression, using PROC PHREG in the SAS system, with age and the socioeconomic indicator coded as a continuous variable as covariates. Continuous variables have been age standardised using PROC GLM, with tests for trend for age adjusted means being obtained through PROC REG. Categorical variables have been age standardised by the direct method and tests for trend performed in PROC LOGIST.
Proportional hazards coeYcients and their standard errors were calculated using Cox's model. 32 Adjustment for age and other risk factors was performed by including terms for these in the proportional hazards models. Exponentiated hazards coeYcients are taken as indicators of relative rates of mortality. Stratification of the proportional hazards regression analysis was also performed, with social class or age at leaving full time education as the stratification variable. This allows the baseline hazard to vary between strata, producing summary measures of the relative rates of mortality seen within the strata.
RELATIVE INDEX OF INEQUALITY
To compare the magnitude of trends of current smoking and all cause mortality with social class and with age at leaving full time education, the relative index of inequality (RII) 5 14 has been calculated. Comparisons of ratio measures between social class or education groups suVer from the fact that the groups are of diVerent size. It may be expected that the classification producing smaller groups at the margins would lead to larger ratios of, say, mortality, between the top and bottom categories, because finer discrimination of extremes of socioeconomic position is achieved. The RII is explicitly constructed to avoid this problem. It requires classifications to be defined hierarchically-that is, social class being I and II, then IIIN, then IIIM, then IV and V; or age at leaving full time education being 12-14, then 15-16, then 17-18, then 19+. Socioeconomic position of each group is assigned a value between 0 and 1, according to the proportion of participants with a higher position than the midpoint of each group within this hierarchy. This assignment is done separately within each five year band for age at study entry, to allow production of an age adjusted measure of inequality. If in a particular five year age band 10% of men (that is, 0.1 as a proportion of the whole study population in this age band) is in the social class I and II category, this group is assigned a value of 0.05, which is the proportion of the population above its midpoint. If the next group, social class IIIN, contains an additional 12% of the men in this age band then the proportion of the population above the midpoint of this group is 0.1 + 0.12/2 = 0.16. These indicators were created in a similar fashion for social class and age at leaving full time education, in both cases using four levels. These numerical indicators of socioeconomic position (SEP) are then related to mortality through Poisson regression 5 : log (Dij) = log (Pij) + i + *SEPj with D being the number of deaths and P the number of person years at risk in the i th 5 year age group and j th socioeconomic group. Exponentiating yields the RII, which is the relative risk of mortality comparing a socioeconomic position indicator of 1 to 0-that is, the bottom to the top of the socioeconomic hierarchy. A similar logistic regression method, with D representing the number of smokers and P the number of study participants was used to produce the RII for smoking, which in this case is the odds ratio for being a smoker at the bottom compared with the top of the socioeconomic hierarchy. The larger the RII, the greater the degree of inequality across a socioeconomic hierarchy. Table 1 gives the characteristics of the study population according to social class. On average men in manual jobs were older, shorter, had higher blood pressure, lower serum cholesterol, poorer lung function, higher prevalences of angina and bronchitis, and were more likely to be current smokers but, if smokers, used less cigarettes per day. A strong association between social class and education was observed, and men in the manual classes were considerably less likely to be regular car drivers. Being a regular car driver is taken to be in part a marker for ownership of a car, which has been used in various studies as an indicator of available income. 8 11 In table 2 the data are presented according to age at leaving full time education. The gradients by education are similar to those seen with respect to social class. Table 3 gives the age adjusted prevalences of current smoking by social class and education. While there are few men in the manual social classes who had left school above the age of 16, the pattern of higher prevalence of smoking among the men in manual jobs within education strata seems clearer than the corresponding association between education and smoking within social class strata. The RIIs for current smoking are 2.66 (95% confidence intervals 2.17, 3.26) for education and 3.55 (2.93, 4.30) for social class categorised at four levels. A test between these RIIs shows that they diVer at a conventional level of significance (p = 0.044). A logistic regression analysis, in which current smoking (yes/no) is the outcome, and linear terms for education and social class fitted together with age as independent variables, yielded odds ratios of 0.90 (0.84, 0.96) for one education category and 0.77 (0.73, 0.82) for one social class category, both at four levels. The logistic regression Proportional hazards models were also fitted containing age and linear terms for the socioeconomic measures. For a one category change in social class (treated at four levels), the age adjusted relative rate of mortality is 1.17 (1.12, 1.22). In analyses stratified by the four education groups, the relative rate for a one category change in social class is 1.12 (1.07, 1.18). For a one category change in education, the age adjusted relative rate of mortality is similar to that seen for social class: 1. 19 (1.12, 1.25). However in this case stratifying by the four social class categories leads to greater attenuation of the relative rate of mortality according to education category, to 1.07 (0.99, 1.14). Table 6 presents similar results for the major cause of death groups. Cardiovascular disease is the cause of death group most strongly associated with education, while the non-cardiovascular non-cancer category is the cause of death group most strongly associated with adulthood social class.
Results

CHARACTERISTICS OF STUDY PARTICIPANTS
SMOKING IN RELATION TO SOCIAL CLASS AND EDUCATION
MORTALITY FOR DIFFERENT AGE GROUPS
As average age at leaving full time education changed over the period during which the men in this study were at school, mortality by age of leaving full time education has been examined in two age bands (table 7) . Age at study entry correlates closely with relative age at the time of schooling, as the baseline screening period was short. Clear mortality diVerentials are seen for both age bands. Relative mortality diVerentials by both social class and education are greater in the younger age band (table 8) . Simultaneous analysis of education and social class within the age bands yields identical findings to those seen in the whole cohort. DiVerentials according to education are reduced to nonsignificance by stratification by social class, while diVerentials by social class are only moderately attenuated and remian significant on stratification by education (table 8) .
Discussion
British studies of the association between the socioeconomic position and mortality of individuals have generally used occupationally based socioeconomic measures. Various versions of the Registrar General's social class classification have been used in the decennial supplements, [13] [14] [15] the major source of data on this subject. The Longitudinal Study, involving the linkage of a 1% sample from the 1971 census to death certification data, complements these reports by demonstrating large and increasing mortality diVerentials over the two decades of post-census follow up. 33 Educational achievement, indicated by highest qualifications received, is also inversely associated with all cause death rate in the Longitudinal Study. 7 8 The mortality diVerentials according to social class in this study are very similar to those for men of the same age group seen around 1981, the midpoint of the follow up period, in Scotland. For men aged 55 to 64 social classes IV and V had death rates 66% higher than social classes I and II in the general Scottish population. 34 In this study population social class IV and V men experienced an age adjusted death rate 59% higher than that of social class I and II men. The general population data also show mortality diVerentials for the major cause of death groups similar in magnitude to those seen in this study. Our workplace sample thus appears a reasonable model for studying factors underlying socioeconomic diVerentials in mortality risk in the general population. Age at leaving full time education will be determined by several factors, including economic status of the family, aptitude of the child, employment opportunities at the time of reaching minimum school leaving age, and legislation. It would be inappropriate to consider the eVects of diVerences in age at leaving full time education produced simply by legislative change, as this would merely reflect year of birth. The men included in this study were born between 1907 and 1938 and would have reached age 14 between 1921 and 1952. A minimum school leaving age of 14 was introduced in 1904 in Scotland and was raised to 15 in 1947. However, enforcement was variable and many children left school at younger ages. 35 36 There were only 438 men in our study who according to legislation could not leave school at age 14 because of the 1947 legislative change. Excluding these men from the analyses did not materially change our findings (basic tables available from authors). Analyses were also repeated in two age groups, to allow for any broad secular changes in the meaning and implications of age at leaving full time education. Findings for the two age groups were very similar.
Most studies that analyse education and adult socioeconomic measures separately in relation to mortality risk within the same dataset demonstrate associations in the expected direction. [7] [8] [9] Analyses relating mortality risk to both occupational social class and education simultaneously have been performed only once with UK data before this study, to our knowledge. 8 We found that social class in adulthood seems to be the more important determinant of mortality. In the US, the National Longitudinal Mortality Study 9 18 has been analysed with respect to household income, years of education, and occupation. For working age men pronounced attenuation of the association between years of education and mortality occurs when other socioeconomic indices are taken into account. 18 37 In a US study, the National Longitudinal Survey of Older Men, years of education shows a strong inverse association with mortality risk. However after adjustment for lifetime income and wealth this association essentially disappears. 38 In a collaborative study with centres in Kaunas (Lithuania) and Rotterdam (Holland) both occupational social class and education were related to mortality risk over a 10 year follow up period. Adjustment for occupational level greatly reduced the association of mortality with education, while adjustment for education left a relatively substantial occupational eVect. 39 Other studies have revealed contributions of both education and adult socioeconomic measures to mortality risk, although the analyses that have been presented do not allow for an adequate evaluation of the relative importance of these two factors. 40 41 In this study cigarette smoking was more strongly related to current occupational social class than age at leaving full time education. This suggests that it is the social environment in adulthood that maintains, or initiates, smoking behaviour. Age at leaving full time education is in this formulation mainly related to smoking behaviour through its determination of occupational level in adulthood. Similar findings, of more consistent diVerentials in smoking by occupation than by educational level, have come from Kaunas and Rotterdam. 39 A US study came to opposite conclusions, although the occupational classification used in this study and the manner in which it was statistically treated make the results hard to interpret. 21 The pathways linking education and mortality have been discussed at some length. 23 24 42 43 Three basic positions can be distinguished. Firstly, Fuchs and others have argued that people with diVerent educational levels diVer in unobservable ways, including having time preferences favourable to long term investment in their future. Rather than good health being caused by education, underlying unobserved factors might lead to both good health and better education. Secondly, education may act through improving health related knowledge, which allows the choice of healthier lifestyles, which in turn reduce mortality risk. Thirdly, education may act through allowing for favourable employment opportunities with higher income levels and more favourable living conditions throughout adult life. Of health related behaviours, smoking has probably been most investigated with respect to education. 43 44 When health related knowledge is taken into account strong associations between education and smoking remain. 43 This is consistent with the finding in this study that adulthood occupational social class is more strongly related to smoking behaviour than age at leaving full time education and suggests that effects beyond those of knowledge are involved. Both the theory that unobservable diVerences in time preference and direct eVects of education on health knowledge are responsible for the association between education and mortality risk would predict stronger associations with respect to education than occupational social class. Our data suggest that both education and social class are serving as indices of life course socioeconomic experience. In this sense, KEY POINTS + Occupational social class and education are both strongly associated with mortality in middle aged men.
+ Social environment in adulthood is the key determinant of smoking behaviour in these middle aged men.
+ Occupational social class is more strongly associated with overall and noncardiovascular mortality than is the educational measure.
+ The educational measure is more strongly associated with cardiovascular than with other causes of death.
+ Epidemiological studies and public health policy need to incorporate a lifecourse perspective on socioeconomic inequalities in health.
education is important for the opportunities it creates for improved material conditions of life that follow the completion of formal education, rather than for particular specific eVects of education itself. The direct associations between socioeconomic position-either indexed by social class or by education-and serum cholesterol concentrations are striking in this regard. Groups leaving school with more full time education and those in the professional and managerial social classes have higher cholesterol values than those leaving school at minimum school leaving age and those ending up in manual occupations. This suggests similar patterns with respect to dietary fat intake by socioeconomic position, however it is indexed, and no special eVect of education on dietary practices in this regard. If education has its influence through ability to assimilate health related knowledge than an inverse gradient would have been expected, given that publicity relating animal fat intake to coronary heart disease risk was already circulating (albeit in limited form) in the early 1970s. In this study age at leaving full time education was the only index of education available. We have no data regarding evening classes or day release schemes, which are important sources of post-school education. It may be that indices of educational achievement, rather than simply school leaving age, would show diVerent associations with risk factors and mortality. There would, however, be a strong correlation between the two measures, with most people leaving at age 14 or under not obtaining the higher school qualifications that would have been received by those leaving at 17 or 18 and only those staying in full time education to beyond the age of 19 obtaining college or university qualifications. Studies with detailed data on both amount of education and educational achievement, together with subsequent life trajectory, would be required to examine the hypothesis that underlying diVerences generate health diVerentials between those who do and do not obtain higher qualifications.
The main conclusion of this study is that age at leaving full time education and occupational social class are both strongly related to risk factors and to mortality. There is no evidence that education plays a predominant part in this regard. Smoking behaviour seems more strongly related to the adulthood socioeconomic indicator, in keeping with the suggestion that it is social environment that maintains this behaviour. 45 Some diVerences in mortality associations for particular cause of death groups are seen in these data. In multivariable analysis non-cardiovascular disease non-cancer mortality is considerably more strongly associated with occupational social class than with education. This could reflect direct occupational exposures that influence respiratory and digestive system disease, with such exposures being better indexed by social class than age at leaving full time education. Cardiovascular disease mortality is the cause of death group most strongly associated with education, which may reflect the particular importance of socioeconomic circumstances in childhood (and factors related to this) with respect to risk of coronary heart disease and stroke. [46] [47] [48] Single indicators of social economic position do not maximally discriminate between social groups at diVering levels of mortality risk, with the use of cumulative or multiple indicators producing greater diVerentiation in this regard. 8 10 11 47 Future studies should collect measures of socioeconomic position across the life course and use combined measures if they intend to show the full extent of socioeconomic diVerentiation or adequately control for possible confounding of associations between putative risk factors and disease risk by exposures which are socioeconomically patterned.
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